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ABSTRACT
In this study, a desiccant assisted air conditioning system relying on geothermal and solar thermal energy is investigated
numerically with the help of dynamic annual simulations at different climates. The selected locations are characterized
by different climate conditions. A system configuration with almost exclusive use of environmental energy for heating
and cooling is proposed. System performance is compared with a conventional air conditioning system of the same
size. The results are evaluated according to energetic and ecological criteria. Two approaches are presented which
enable a combined assessment of the use of energy and the environmental impact. Operational space requirements
for energy provision are taken into account. The investigated system achieves savings in primary energy of up to
71 % compared with a conventional reference process. The analysis of CO2e emissions results in annual savings of up
to 70 % (4.7 to). Due to the lower energy density of renewable energy sources, a higher operational land use of the
investigated system has to be taken into account. The additional required land use is evaluated using characterizing
numbers that are used for air conditioning systems for the first time.

1. INTRODUCTION
Increasing greenhouse gas emissions are considered to be the primary factor influencing global warming. Great efforts are therefore being made worldwide to limit the impact of carbon dioxide emissions. More than 40 % of the
total primary energy demands of the western nations (EU, USA) are caused by the building sector. Around 50 % of
the corresponding final energy demand is accounted for by applications for heating, ventilation and air conditioning
(Pérez-Lombard et al., 2008). Currently, most air conditioning systems are based on cooling outside air below its dew
point temperature, using a vapor compression chiller. Due to high energy demands of such systems, alternative air conditioning concepts are investigated. The advantages of desiccant assisted systems in summer mode are well-established
in literature. Only a few studies address winter and full-year operation, even though winter mode is an essential part of
full year operation, especially for heating dominated regions. Desiccant assisted air conditioning is potentially beneficial against other air conditioning processes in terms of air humidification during winter. Within a desiccant assisted
system, moisture recovery by means of the existing hygroscopic materials is possible and the related energy demand is
limited to auxiliary energies (e.g. ventilators, pumps, wheel drives). Furthermore, the overall process can be operated
efficiently relying on renewable heat sources and heat sinks.
The results achieved in dehumidification mode in our investigations are basically comparable with the results of other
studies, although the underlying boundary conditions and system configuration can be very different in each case. The
maximum thermal coefficient of performance of the air handling unit reaches values up to about COPth = 2.0 and
the maximum electrical COP of the ventilation system is COPel = 9.6. The average dehumidification coefficient of
performance is DCOP = 1.2. During the summer period, in a comparative conventional system with compression
chiller, the electrical energy demand is over 84 % higher compared with the investigated desiccant assisted system
with geothermal cooling and solar powered regeneration of the desiccant wheel.
In contrast, the use of desiccant wheels for enthalpy transfer has been less in focus so far. This circumstance is reflected
in a small number of investigations on enthalpy transfer for air humidification in winter. Zeng et al. (2014) simulated
the year-round operation of a desiccant evaporative cooling system in Shanghai based on a dynamic system model in
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TRNSYS, which is also used in the study by La et al. (2011). By suitable process control, the supply air is provided
by the air mass flow on the adsorption side in summer and the air mass flow on the desorption side of the desiccant
wheel in winter. Due to site conditions, air humidification is significantly underrepresented compared to air dehumidification. Therefore, the authors refer only to the limitations of the studied system with single-stage sorption process
in dehumidification mode. Preisler and Brychta (2012) investigated the year-round operation of a solar and desiccant
assisted system with evaporative cooling in Austria. For moisture recovery in winter, the desiccant wheel is operated
as an enthalpy wheel. During the period of one year, 87.5 % of time the system was operated with enthalpy recovery.
The remaining time was assigned to air dehumidification. The authors give a linear annual duration curve of air humidification, from which it is deduced that in 61 % of the operation time with enthalpy recovery the humidity ratio of the
process air was increased by at least 2.5 gw kg−1
da . Compared to a modeled reference system with air dehumidification
by dew point undershoot and heating based natural gas, the primary energy demand was reduced by 73.9 % in one
year. Using annual simulations, Wrobel (2014) investigated the primary energy advantage of a configuration of the
system on which this study is also based compared to a conventional reference process for different locations. The
reduction in primary energy demand was indicated between 24 % and 47 %, depending on the location. The results
show a correlation between the energy advantage and the annual operating hours in dehumidification mode. However,
heating and humidification is not considered. The author addresses an additional land use required by the solar thermal
system.
The available literature shows a need to further investigate winter and full-year operation of desiccant assisted systems.
Therefore, this study aims to test the applicability of the mentioned dessicant assisted system for different climates.
Our investigations have shown that significant energetic advantages of the desiccant wheel are not only achieved in
dehumidification operation. While the electrical energy demand of spray humidifiers is comparable, it was possible to
demonstrate a significantly reduced use of electrical energy compared to steam humidifiers. The electrical energy demand for humidification is increased by an average factor of up to 13.7 compared with the enthalpy wheel. This means
that humidification can account for more than 30 % of the total electrical energy demand of the associated air conditioning system. Dynamic annual simulations were used to evaluate energetic and ecological advantages and limitations
of the geothermal and solar powered system compared with a conventional air conditioning process. Furthermore,
the additional land use due to the integration of solar thermal and geothermal energy is analyzed. A new approach to
evaluate air conditioning systems according to space requirements is presented.

2. SYSTEM LAYOUT AND CONTROL
The numerically investigated air conditioning system is derived from a test facility built on the campus at Hamburg
University of Technology. The test facility is built as a set of eight 20 ft standard containers with four containers on
two separated floors. Figure 1 presents an external view of the test facility and the interior layout of the air conditioned
space, located in the upper four containers. Its net floor area is 54 m2 with a clear room height of 2.64 m.

4.9 m

panel of thermally activated ceiling (TAC)
heat transfer surface approx. 25.8 m2

54 m2

(a)

12.1 m
(b)

Figure 1: Exterior view (a) and interior schematic representation (b) of the air conditioned space
A system model for the numerical representation of the annual operation is created for the investigation and evaluation
of the presented air conditioning concept at locations with different climate conditions. The base system model as
presented in Speerforck et al. (2017) is focused on dehumidification mode. The energy concept of the investigated
7th International High Performance Buildings Conference at Purdue, July 10-14, 2022
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system is shown in Figure 2.

2.1 System Layout
The air handling unit is designed as a hybrid system that combines an open desiccant assisted process with closedloop heating and circuits. The air handling unit is built as a two-wheel system relying on a rotating regenerative heat
exchanger (RHE) and a desiccant wheel (DW), operated in enthalpy recovery mode during winter. The reference room
is equipped with thermally activated ceiling (TAC) elements for heating and cooling puposes. The main characteristics
are briefly described in the following. Further information can be found in Niemann et al. (2019).
environment

air handling unit

regeneration

air conditioned space

air heater
thermally activated ceiling
8

7

6

5
air heater/cooler

TMY 3
weather data
1

2

desiccant wheel

3

internal sensible
and latent loads

4

regenerative
heat exchanger

solar thermal
system
ASOL
header
systems
hot water

chilled
water

hydraulic separator
thermal energy
storage

ground-coupled
heat pump

NBHE , HBHE
geothermal system
hydraulic system

Figure 2: Layout of the of the desiccant assisted system
Outside air (oda) is dehumidified within the desiccant wheel (1–2) and precooled by the rotating heat exchanger (2–3).
Water vapor is adsorbed at the hygroscopic coating of the desiccant wheel. Silica gel is used as the sorbent material.
The process air is finally cooled or heated to the desired supply air (sup) temperature (3–4) within the air heater/cooler
(AHC). Extract air (eta) from the room is preheated by the RHE (5–6). It is further heated to the required regeneration
air temperature within regeneration air heater (6–7). Finally, the regeneration air is used to regenerate the desiccant
material (7–8), before the exhaust air (exa) is emitted to the environment. For winter operation, the desiccant wheel is
used in enthalpy recovery mode at higher rotational speed for coupled heat and mass transfer (1–2). This is a passive
air humidification process relying on the enthalpy difference between the air mass flows connected. The regeneration
air heater is not operated for enthalpy recovery. So, outside air is humidified and preheated, using extract air from the
room. The air heater is used to adjust the desired temperature of the supply air mass flow (3–4). Hot and chilled water
is provided by the solar thermal system (SOL) and the geothermal system (GEO) which is linked to the corresponding
ground-coupled heat pump for additional heating energy supply during winter. The geothermal system is made of
vertical double U-tube borehole heat exchangers (BHE). The number and length of the BHE are varied depending on
the site conditions. During summer, the desiccant regeneration process is fed exclusively with solar thermal energy.
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3234, Page 4

%
20
=cooling
ϕ

ϑ = 35 °C
30
20

dehumidifying

ϑ = 25 °C
fresh air {

1
60 %
ϕ=
80 %
ϕ = 00 %
ϕ=1

heating

ϑ = 15 °C
humidifying

10

0%

4
ϕ=

ϑ = 5 °C
0

-10

relative occupancy

specific enthalpy h in kJ/kgda

40

2

0.6
0.4
0.2

ϑ = −5 °C
0

0.8

4
6
8
10 12 14
humidity ratio x in gw /kgda

16

18

0
12 am 4 am 8 am noon 4 pm 8 pm 12 am

Figure 3: Air handling control strategy

Figure 4: Occupancy profile

The required area of flat-plate collectors ASOL is varied depending on the site conditions, respectively. The BHE are
operated with free cooling to supply the air cooler and the TAC. Sufficient sensible heating of the room is achieved
through the TAC during winter.

2.2 System Control
To achieve efficient plant operation, different components of the air handling unit can be bypassed as shown in Figure 2.
The air handling control strategy is depending on the conditions of outside air as visualized in Figure 3. Five different
operation modes are used. The average temperature of outside air over the past day is used to determine the operating
mode. The seasonally dependent mode of operation of individual components corresponds to the concept of the test
facility, which defines the operation of heat pump, air handling unit and TAC. The components are activated according
to the operation modes presented in Table 1 and shown in Figure 3. The notified indoor air conditions correspond to
the requirements of comfort category I (21 − 25.5 °C, 4 − 10 gw kg−1
da ) according to DIN EN 15251 (2012). In order
to limit the system size given the very different climatic boundary conditions of the locations considered, comfortable
indoor air conditions are extended up to comfort range III (19 − 27 °C, 3 − 12 gw kg−1
da ). The system is designed to
keep the number of unmet load hours (ULH) during occupancy at ULH < 300 within one year of operation, according
to ASHRAE Standard 90.1 (2016). Internal loads are determined based on the assumption that the room is used by a
maximum of 15 persons. Each person is modeled with a constant heat load (sensible heat flow Q̇sen
p = 65 W, latent heat
sen
−2
flow Q̇lat
=
55
W).
A
constant
value
of
q̇
=
10
W
m
is
assumed
for
other
sensible
room
loads. The occupancy
p
other
profile shown in Figure 4 is based on empirical values and information from literature.
Table 1: Boundary conditions for modeling the thermodynamic air treatment functions depending on the operating
mode
operation mode

outside air conditions
ϑoda in °C
xoda in gw kg−1
da
–
<5
≥5
≤ 10
–
> 10
≤ 10

−
x
−
−
−
x
−

active system components
HRW RHE AHC TAC
x
−
−
−
x
x
−

−
−
−
−
−
x
−

summer

heating
humid.
fresh air
heating
cooling
dehumid.
fresh air

TAC

heating (winter): 22 °C ≤ ϑroom ≤ 22.8 °C , cooling (summer): ϑroom ≥ 24.5 °C

winter

< 22
–
≥ 22
< 22
≥ 22
–
≤ 22

DW

x
x
−
x
x
x
−
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2.3 Site Specific System Size
Based on simulations, the smallest system size that meets the thermal comfort requirements (ULH < 300) is determined
during the sizing process. Knowledge of the smallest system size for different climates can be used to estimate the
design of the desiccant assisted system without prior system simulation. These studies have shown that the climatic
conditions in industrialized nations offer potential for widespread use of the investigated system configuration. Suitable
locations were selected based on their potential for full-year use of the examined air conditioning concept. For this
purpose, preliminary investigations were carried out to determine the climate suitability of the investigated system on
the basis of annual simulations in different climate regions, and a climate suitability map was created on the basis of
these simulations, see Figure 5. Each studied site is assumed to be representative of the associated climate classification.
In order to achieve the highest possible utilization of the system components, no investigations were carried out for
climate zones in which the humidity ratio and the temperature range of the outside air are low. Based on these findings,
the climatic conditions of New York City (USA), Bordeaux (France), Sapporo (Japan) and Stockholm (Sweden) are
selected for the system evaluation. The climatic conditions of these locations are decribed by the outside air parameters
(ϑoda , xoda ), as shown in Table 2. The climatic conditions are based on TMY 3 weather data. The aim of the design is
to determine the smallest system size with which the requirements for thermal comfort in annual operation can be met.
The characteristic variables of the solar thermal system (ASOL ) and the geothermal system (NBHE , HBHE ) are therefore
designed. The area of the solar thermal system ASOL is determined exclusively by the thermal energy demand of the
regeneration process to regenerate the desiccant in dehumidification mode. The design parameters of the geothermal
system depend on the application as a heat source and sink. In the design process, the limitation of uncomfortable room
air conditions due to deviating temperatures is rated higher than deviations in room air humidity. The length of a single
vertical geothermal probe is limited to H = 100 m and the geology of the soil is identical to the known soil properties
at the installation site of the test facility. Moreover, for NBHE > 1, the horizontal distance is set sufficiently large that
thermal interactions can be neglected. The volume of the thermal storage system is set constant to V = 2 m3 .
Stockholm
Bordeaux
New York

Table 2: Climatic conditions at selected locations
Sapporo

location
ϑmin
oda

suitable

not suitable

not considered

New York
Bordeaux
Sapporo
Stockholm

ϑ in °C
ϑmax
ϑoda
oda

-15.6
-8.2
-15.2
-17.0

35.0
34.0
33.5
27.1

12.5
13.2
8.8
6.5

x in gw kg−1
da
xmax
xoda
oda

xmin
oda
0.4
1.7
0.6
0.7

22.5
16.9
19.2
13.9

7.2
7.5
6.0
6.5

Figure 5: Climate suitability map

3. MODELING APPROACH
The basis of the system model for simulating annual operation is a system model for winter operation in combination
with the system model designed for summer operation, as presented by Speerforck et al. (2017). The system model
is made up of various validated component models, using the object-oriented and equation-based modeling language
standard MODELICA® .

3.1 Building Model
The system model of the room includes the modeling of the building envelope, the room air volume and vapor diffusion
as well as the heating and cooling ceiling follows the approach of the resistance-capacity model. The building envelope
is modeled by thermal resistance and capacity, whose thermal and geometric properties correspond to the wall structure
of the test facility. The indoor air model is made up of seven horizontal layers of air with different vertical dimensions.
Each layer of air is considered to be a volume of still air through which energy in the form of heat is transferred solely
by conduction. The calculation of the room air humidity ratio results from a water balance of the room. Ideal mixing
of the room air is assumed. Measurement data from plant operation were used to validate the overall building model.
During a period of one year, the mean deviation of the simulated room air temperature at a height of 0.1 m above the
floor is −0.42 K with a standard deviation of ±1.5 K. At a height of 2 m, the evaluation showed a deviation of −0.29 K
with a standard deviation of ±1.24 K.
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3.2 Air Handling Unit
The model of the air handling unit consists of various component models linked by interfaces. These component models
depict all relevant functional scopes based on the air conditioning system of the test facility. The core component is
the desiccant wheel, whose modeling is based on the effectiveness method. This method is derived from the concept
of the effectiveness of a real heat exchanger compared to the ideal reference. Due to the coupled processes of heat
and mass transfer the method requires two independent effectiveness parameters given in Equation (1) to describe the
global sorption process with sufficient accuracy.
ηq =

qpro,in − qpro,out
qpro,in − qreg,out

ηh =

hpro,in − hpro,out
hpro,in − hreg,in

(1)

The equilibrium water load q of the sorbent is defined as the mass ratio of the absorbed water mass and the mass of
the sorbent q = mw /msorbent . Investigations into the creation of the effectiveness model for silica gel showed that the
effectiveness parameters can be assumed to be constant for various input and operating parameters. The correlations
for ηq and ηh are determined from empirical studies, ηq = 0.86 and ηh = 0.82 for enthalpy transfer (winter) and
ηq = 0.9 and ηh = 0.25 for active dehumidification (summer). To validate the effectiveness model, 3100 different
measured air states in dehumidification and enthalpy transfer operation were used. The results of the effectiveness
model show good agreement with the measured temperatures and humidity ratios. The deviations are mainly within
the limits of the associated measurement uncertainties. The regenerative heat exchanger is modeled as an effectiveness
model according to the -NTU method, based on the equations of a counterflow heat exchanger. The AHC and RHE
models are also modeled according to the -NTU method. Both are modeled as counterflow heat exchangers, but unlike
the RHE model, no rotation dependency is implemented. Equation (2) is used to determine the effectivenesses.
RHE =

Ċpro · (ϑpro,in − ϑpro,out )
Ċmin · (ϑpro,in − ϑreg,in )

AHC,RAH =

Ċa · (ϑa,out − ϑa,in )
Ċmin · (ϑw,in − ϑa,in )

(2)

The obtained values for the three heat exchangers are RHE = 0.8, AHC = 0.66 and RAH = 0.62. Bypass systems are
modeled as logical switching elements whose state is coupled to the operating mode of the air handling.

3.3 Hydraulic System
For modeling the heat pump, a black-box approach is used in which the system behavior is described by characteristic
diagrams. For this purpose, the characteristic diagrams of several heat pumps are implemented, whose characteristic curves are determined manufacturer specifications. The heat flow transferred in the condenser is determined by
interpolation for a given inlet temperature at the evaporator and outlet temperature at the condenser. The thermal
energy storage system is modeled as a one-dimensional system discretized into ten equivalent layers as volume segments. Complete mixing is assumed in each layer. Heat and mass transfer take place exclusively between the layers.
One-dimensional heat conduction through the storage wall is assumed. Heat transfer from the solar thermal system
is modeled using the -NTU method. The modeling approaches of the solar thermal system and the borehole heat
exchangers can be found in Speerforck et al. (2017).

3.4 Electrical Power Input
To model the electrical power consumption of the heat pump, a characteristic diagram was created based on manufacturer data, as shown in Figure 6. The empirically determined electrical power input of other components are listed in
Table 3 depending on the operating mode of the overall system.

3.5 Conventional Reference System
For the evaluation of the investigated system, the process of a conventional air conditioning (CAC) system is created.
To cool and dehumidify outside air, the model of a compression chiller is implemented. The heat pump and the solar
thermal system are replaced by a natural gas fired condensing boiler. Instead of a thermally activated ceiling, the
conventional system is modeled with floor heating, which is used exclusively for sensible heating. Cooling of the room
takes place exclusively through the supply air in summer, whereby the supply air temperature is reduced compared to
the desiccant assisted process. The control of the reference process is tuned to achieve maximum agreement with the
implemented control of the desiccant assisted system. The operation of the compression chiller, humidifier, and floor
heating in the conventional system depends on the seasonal operating mode of the desiccant assisted system. The air
cooler is operated in cooling mode when only sensible heat loads have to be dissipated (xoda ≤ 10 gw kg−1
da ) or in
−1
dehumidification mode (ϑoda > 22 °C, xoda > 10 gw kgda ). In the reheater, the supply air temperature is set to 16 °C
7th International High Performance Buildings Conference at Purdue, July 10-14, 2022
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electrical power input in kW

2.5
ϑout
ϑout
ϑout
ϑout

2

= 35 ◦ C
= 40 ◦ C
= 45 ◦ C
= 50 ◦ C

Table 3: Electrical power inputs of further system
components
component

power input
winter summer

fan, supply air
fan, exhaust air
drive DW
drive RHE

160 W
193 W
86 W
93 W

1.5

1
-5

0

5

10

300 W
400 W
16 W
93 W

brine temperature in ◦ C

Figure 6: Electrical power of the heat pump
Table 4: System design and sizing
location
New York
Bordeaux
Sapporo
Stockholm

parameter
[N | H]BHE ASOL
3 | 80 m
1 | 100 m
3 | 80 m
4 | 90 m

Table 5: Primary energy factors and specific CO2e emission factors according to German standards
energy source

2

27.6 m
5 m2
20.1 m2
−

gas
electricity
solar/geotherm.

PE factor
(non-renewable)

CO2e emission factor
in to CO2e MWh−1

1.1
1.8
0

0.201
0.427
−

when ambient air conditions require dehumidification of the process air. The electrical energy demand of the chiller is
determined with a constant energy efficiency ratio of 3. The gas condensing boiler is modeled as a simple heat source
that transfers a constant heat flow Q̇boiler = 12.5 kW to a closed volume. An annual efficiency of 0.87 based on the
calorific value is assumed. To humidify the process air, the model of an isothermal steam humidifier is implemented.
A linear relationship is assumed between the electrical power input and the introduced mass flow of water vapor. An
efficiency of 0.91 is assumed. The control of the humidifier is equivalent to the operation of the enthalpy wheel in the
desiccant assisted system. To ensure comparability of the systems, the humidification capacity is controlled to ensure
identical humidity ratio of the supply air.

4. SIMULATION RESULTS AND DISCUSSION
Table 4 summarizes the site-specific system design results based on the dimensioning described in Section 2.3. The
design process ensures that thermal comfort requirements (ULH < 300) are met. The design leads to very different
units of the geothermal and solar thermal system.

4.1 Evaluation of Energy Demands and Emissions
Figure 7 shows the primary energy (PE) demands and CO2e emissions, summed over one year. The underlying primary
energy factors and the specific CO2e emission factors are listed in Table 5.
At all locations, the solar and geothermal powered system shows savings in primary energy demand compared to the
reference process. The highest relative savings potentials are achieved at New York (PEDAAC /PECAC = 0.25) and
Sapporo (PEDAAC /PECAC = 0.29). The primary energy demand caused by the DAAC system is less site-dependent
than for the conventional system. The variation is mainly caused by the gas demand. The primary energy advantage
of the DAAC system increases with high utilization of the humidification and dehumidification operation. Using
Stockholm as an example, it is clear that locations with cold climates have a lower relative potential for primary energy
use reduction for the selected system configuration. In summary, the primary energy demand represents an indicator
that correlates with the environmental impact of a system. However, this comparison does not take into account the
additional land use under which the respective primary energy savings are made possible. From the combined view of
Figure 7a and Table 4, it can be seen that the absolute and relative primary energy savings correlate with the land use
7th International High Performance Buildings Conference at Purdue, July 10-14, 2022
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Figure 7: Comparison of primary energy demands and CO2e emissions based on annual simulations
of the DAAC system. Similar to the primary energy analysis, the plot of CO2e emissions in Figure 7b indicates a lower
environmental impact of the DAAC system. At all locations, the CO2e emissions of the reference process are higher.
The largest emission saving is achieved in New York and corresponds to a relative saving of 70 % (∆mCO2e = 4.7 to).
The share of CO2e emissions from refrigerant loss is less than 0.2 to at all sites, corresponding to a maximum relative
share of 9 % (DAAC system, heat pump) and 3.5 % (CAC system, chiller). Operational emissions of the CAC system
correlate with the heating and cooling loads of the conditioned space. Accordingly, maximum emission levels are
achieved in New York and Sapporo. The evaluation of CO2e emissions is subject to similar limitations as the primary
energy analysis. This is due to the limited significance of the emission factor for electrical energy with high shares of
renewable energy sources of electricity generation. Taking into account the degree of decarbonization of the regionspecific electricity generation, the DAAC system enables relative CO2e emission savings of up to 90 %.

4.2 Evaluation of Land Use
To extend the system evaluation, the combined approach of a characterizing variable is applied. This quantity is
described as useful energy with respect to emissions and land use and is defined according to Equation 3.
qA =
mCO2e

Quse

· 1+

Aland
Aroom



Aland = fGEO · AGEO + fSOL · ASOL

(3)

Factors fGEO and fSOL evaluate the availability of land and the impact of land use on a site-specific basis. The weighting
of land use with fGEO = fSOL = 0 applies to sites with almost unlimited open space, while in case of a location with
no available land fGEO = fSOL = 1 are set, for example in densely built-up cities. The environmental impact due
to additional land use describes the site-specific and operation-related installation area of the geothermal and solar
thermal system. The environmental impact due to land use during upstream manufacturing processes from raw material
7th International High Performance Buildings Conference at Purdue, July 10-14, 2022
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extraction to installation at the utilization site is not considered. The operational areas used are assumed to be sealed
land, although the land can usually be put to additional use. For the geothermal system, the area orthogonal to the
boreholes is taken into account including a circular barrier area with a radius of 5m to exclude thermal interactions.
For the investigation of the influence and the sensitivity of q A , three installation variants are considered:
1. installation of SOL and GEO preferably within the footprint of the air-conditioned room
2. installation of SOL within and GEO outside the footprint of the air-conditioned room
3. installation of SOL and GEO outside the footprint of the air-conditioned room
The results of the system evaluation according to q A are shown in Figure 8. For the presentation of the results, the
weighting factors of the land use are set to fGEO = fSOL = 1.

q A in MWh/(to CO2e )

4

case 1

case 2

case 3

CAC

3

2

1

0

New York

Bordeaux

Sapporo

Stockholm

Figure 8: Area-specific useful energy for different installation variants of the DAAC system in comparison with the
reference values of the CAC system.
A
The results show, with one exception, advantages of the conventional process, resulting in higher values for qCAC
.
For the DAAC system, q A is sensitive to the land use by the geothermal system. If no integrated installation of the
geothermal system is possible, no advantages can be achieved by the DAAC system. As the number of boreholes
A
increases, the advantage of the conventional system increases. Accordingly, the lowest values of qDAAC
are achieved in
A
Stockholm. At the same site, qDAAC is higher by a factor of 2.3 for integrated installation (fGEO = 0.1) and characterizes
a significantly higher area-based power capacity of the DAAC system. The results for Bordeaux show that a DAAC
system advantage is possible with integrated installation. This represents the benefits of small system sizes. Similarly,
the benefit of the DAAC system increases with reduced weighting of land use by the geothermal system. For a factor
of fGEO < 0.4, the DAAC system is beneficial at all location in terms of q A .

5. CONCLUSIONS
The combination of desiccant assisted air conditioning with geothermal and solar thermal systems can be used under
different climatic conditions and ensures a high level of comfort in annual operation with ULH < 300 in the selected
comfort range. The proposed system is beneficial in terms of environmental impacts. Due to reduced electricity and gas
demands, savings in primary energy and CO2e emissions could be proven at all locations. The environmental benefits of
the proposed system increase with the annual operating hours of humidifying and dehumidifying the process air due to
the high electricity demands of the chiller and the steam humidifier in the conventional system. The evaluation of land
use shows that the presented method represents a conservative approach to the evaluation of air conditioning systems
considering operational land use. There is a high sensitivity to the land definition for the installation of boreholes. Under
unfavorable installation conditions, which at the same time represent a conservative limit consideration, advantages of
the investigated system are hardly possible.
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NOMENCLATURE
A
area
Ċ
thermal capycity flow
(D)COP
(dehum.) coefficient of performance
h
specific enthalpy
H
depth
m
mass
N
quantity
P
electrical power
PE
primary energy
q
equilibrium water load
Q
thermal energy
qA
specific useful energy
Q̇
heat flow
q̇
specific heat flow
x
humidity ratio

efficiency
η
effectiveness parameter
ϕ
relative humidity
Subscripts and Abbreviations
a
air
AHC
air heater/cooler
BHE
borehole heat exchanger
CAC
conventional air conditioning
DAAC
desiccant assisted air conditioning
DW
desiccant wheel
el
electrical
GEO
geothermal system
in
inlet
lat
latent
oda
outside air
out
outlet

(m2 )
(J s−1 K−1 )
(−)
(kJ kg−1
da )
(m)
(kg)
(–)
(W)
(kWhPE )
(kg kg−1 )
(kWh)
(MWh (to CO2e )−1 )
(W)
(W m−2 )
(gw kg−1
da )
(−)
(−)
(%)
p
pro
RAH
reg
RHE
sen
SOL
TAC
th
TMY
ULH
w

person
process air
regeneration air heater
regeneration air
regenerative heat exchanger
sensible
solar thermal system
thermally activated ceiling
thermal
typical meteorological year
unmet load hour
water
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